Uncertainty is an omnipresent force in peoples' lives that has been shown to amplify the negative impact of aversive events. This amplified aversiveness, together with the negative attitudes that individuals can have toward uncertainty, suggests that a cue indicating uncertainty about future events might be associated with biased expectancies of negative outcomes or biased contingency estimates, similar to biases that have been observed for traditional fear-relevant cues, such as snakes or spiders. Participants in this study saw three different cues: one that indicated with certainty that an aversive picture would follow, one that indicated with certainty that a neutral picture would follow, and one that indicated uncertainty about whether an aversive or neutral picture would follow. Online self-report data revealed negatively biased expectancies of aversion after uncertain cues. The degree of this online expectancy bias predicted participants' estimates, at the conclusion of the experiment, of the relationship between uncertain cues and aversive pictures. Aversive pictures after the uncertain cue (relative to those after the certain cue) were accompanied by increased skin conductance responses and self-reported negative mood. These findings that uncertainty is accompanied by biased expectancies of aversion and heightened responses to aversion warrant extensions of this research in anxiety disorders, given evidence for intolerance of uncertainty and anticipatory dysfunction in the pathology of such disorders.
Humans are bombarded with uncertainty throughout their everyday lives, and resolving this uncertainty is a primary motive in peoples' lives (Kagan, 1972) . The resolution of uncertainty occurs through the identification of relationships between environmental cues and subsequent outcomes (Alloy & Tabachnik, 1984) . The identification of such contingencies can provide individuals with more certainty about the future and promote the achievement of desired outcomes. Awareness of relationships between specific cues and subsequent events can also be generalized or applied to similar circumstances, resulting in further reduction of uncertainty about future events. The identification of environmental contingencies is a critical adaptive ability that has clear survival benefits, because it allows organisms to explain past events, control current happenings, and prepare for the future (Alloy & Tabachnik, 1984) . Despite the importance of this skill, humans are notoriously flawed at objective contingency awareness and frequently misjudge relationships between cues and resulting outcomes. Factors such as memory load, the salience of events, the presence of motivational factors, and the availability and complexity of situational information all have an impact on one's ability to objectively assess such contingencies (for review, see Arkes & Harkness, 1983) .
Previous expectancies regarding the relationship between cues and outcomes can interfere with the objective assessment of contingencies, particularly in the absence of explicitly presented or readily accessible information about such contingencies (Alloy & Tabachnik, 1984) . In one representative paradigm designed to investigate contingency awareness, participants are presented with cues that are either fear-relevant (e.g., pictures of spiders) or fear-irrelevant (e.g., pictures of mushrooms), which are then followed by either aversive or neutral outcomes (e.g., electric shock vs. neutral auditory tone). At the onset of such experiments, individuals already have inflated expectancies (i.e., Ͼ50%) of aversive outcomes after fear-relevant cues, an effect deemed "a priori expectancy bias" (Davey, 1992 (Davey, , 2006 . These biased expectancies frequently persist after multiple presentations of fearrelevant and fear-irrelevant cues that are equally likely to precede aversive and neutral outcomes, as evidenced by online expectancy ratings (Amin & Lovibond, 1997; de Jong, Merckelbach, & Arntz, 1995; de Jong, Merckelbach, Bögels, & Kindt, 1998) . Heightened expectancies are particularly pronounced in populations selected for high fear of the fear-relevant cue de Jong et al., 1998; Engelhard, de Jong, van den Hout, & van Overveld, 2009; Pauli, Wiedemann, Dengler, & Kühlkamp, 2001 ; Wiedemann, , although expectancy biases have also been demonstrated in unselected, nonphobic participants (Amin & Lovibond, 1997; Davey, 1992; Davey & Dixon, 1996; de Jong et al., 1998; Kennedy, Rapee, & Mazurski, 1997; McNally & Heatherton, 1993; Mühlberger, Wiedemann, Herrman, & Pauli, 2006) .
Biased expectancies of aversive outcomes take on greater importance in light of the dramatic influence that expectancies can have on the perception of and behavioral responses to a diverse array of events and their associated underlying neural processes. The most salient examples may be placebo effects in drug studies or the treatment of pain (Atlas, Bolger, Lindquist, & Wager, 2010; Volkow et al., 2006; Wager & Nitschke, 2005; Wager et al., 2004; Zubieta et al., 2005) , but altering expectancies can similarly affect primary sensory responses to olfactory and gustatory stimuli (de Araujo, Rolls, Velazco, Margot, & Cayeux, 2005; Nitschke et al., 2006a; Sarinopoulos, Dixon, Short, Davidson, & Nitschke 2006) , the perceived pleasantness of art and wine (Kirk, Skov, Hulme, Christensen, & Zeki, 2009; Plassman, O'Doherty, Shiv, & Rangel, 2008) , and social decision-making (Sanfey, 2009) , to name a few examples.
Expectancy biases show strong resistance to disconfirmation, particularly in high-fear individuals (Davey, 2006) , and can contribute to "illusory correlations" between unrelated events even after extensive exposure to different cues and outcomes (Chapman & Chapman, 1967 , 1969 . In paradigms such as that described above, numerous studies have identified a "covariation bias," that is, an overestimate (at the conclusion of the experiment) of the covariance of fear-relevant cues and aversive outcomes (Amin & Lovibond, 1997; Hermann, Ofer, & Flow, 2004; Pauli, Wiedemann, & Montoya, 1998; Tomarken, Mineka, & Cook, 1989 ). This bias is specific to the combination of fearrelevant cues and aversive outcomes; in each of the studies cited above, subjects provided accurate covariation estimates for fearrelevant cues and nonaversive outcomes, as well as for fearirrelevant cues and aversive outcomes. It is unclear to what extent this covariation bias is attributable to an a priori expectancy bias, as opposed to online biases in the way corroborating or conflicting evidence is processed (Amin & Lovibond; Davey & Dixon, 1996; McNally & Heatherton, 1993; . However, high correlations between a priori expectancies, online expectancies, and postexperiment covariation estimates (Amin & Lovibond, 1997; de Jong et al., , 1998 suggest that these biases likely reflect similar underlying processes.
For some individuals, uncertainty about the future can be an intolerable state that interferes with their ability to adequately prepare for potentially negative events and that causes such events to seem even more stressful or aversive (Bar-Anan, Wilson, & Gilbert, 2009; Hirsh & Inzlicht, 2008; Kimmel, 1967; Nader & Balleine, 2007) . This is especially true for anxiety disorders, particularly generalized anxiety disorder, for which intolerance of uncertainty has been put forth as a core construct (Dugas, Gagnon, Ladouceur, & Freeston, 1998) . These negative attitudes and enhanced responses may be seen in situations involving both risk (i.e., multiple possible outcomes with known probabilities) as well as ambiguity (i.e., unknown probabilities of event occurrences). Accordingly, the present study allows for the possibility of both risk and ambiguity rather than attempting to distinguish between them (Bach, Seymour, & Dolan, 2009; Hsu, Bhatt, Adolphs, Tranel, & Camerer, 2005) .
A cue indicating uncertainty about the probability of an upcoming aversive stimulus may serve a role akin to the fear-relevant cues used in the aforementioned illusory correlation studies. We recently conducted a functional magnetic resonance imaging (fMRI) study (Sarinopoulos et al., 2010) in which subjects viewed aversive pictures either in the context of certainty (preceded by a cue indicating an aversive picture would definitely appear) or uncertainty (preceded by a cue indicating that an aversive picture might appear).
1 After the fMRI scan, subjects were asked to estimate the percentage of uncertain cues that were followed by aversive pictures. Although uncertain cues were equally likely to be followed by aversive or neutral pictures, subjects reported that these cues were significantly more likely to be followed by aversive pictures.
2 In addition, the degree of participants' postexperimental bias was correlated with activity in two key brain regions: the anterior cingulate cortex (ACC), which frequently shows activation during anticipation of aversion and regulation of negative emotion (Etkin, Egner, Peraza, Kandel, & Hirsch, 2006; Ploghaus, Becerra, Borras, & Borsook, 2003; Sarinopoulos et al., 2006) , and the insula, which is posited to play a key role in interoception and the representation of emotional states (see Craig, 2009, for review) . Specifically, participants' postexperiment estimates were positively associated with ACC activation to uncertain cues and negatively related to insula responses to subsequent aversive pictures, possibly reflecting enhanced ACC regulatory functions and compromised interoceptive functions of the insula. Interestingly, these same brain regions have been implicated in the pathology of anxiety disorders (Etkin & Wager, 2007; Etkin, Prater, Hoeft, Menon, & Schatzberg, 2010; Nitschke et al., 2009; Paulus & Stein, 2006) , which are characterized in part by the excessive anticipation of threat (Barlow, 2002; Nitschke et al., 2009 ) as well as worry about the future and intolerance of uncertainty (Borkovec & Inz, 1990; Dugas et al., 1998) .
The findings of Sarinopoulos et al. (2010) raised the possibility that individuals with biased expectancies of aversive events after the uncertain cue may show altered activation (relative to individuals with unbiased expectancies) in regions that are involved in the 1 To frame this study (as well as the current study, which uses the same paradigm) in the context of research on behavioral economics and neuroeconomics, this uncertain condition most resembled ambiguity at the outset of the experiment because participants had incomplete information regarding the probabilities of outcomes associated with the uncertain cue. Over the duration of the experiment, subjects acquired greater information about these probabilities, and the uncertain condition likely came to more closely resemble a risky situation.
2 Note that there are a number of important distinctions between this paradigm and a typical illusory correlation paradigm used to investigate expectancy/covariation biases. For example, in the current study, there is only one cue with multiple outcomes, and the postexperiment questionnaire only queried participants about this cue-outcome relationship. In addition, participants were not instructed to attend to the relative percentages of aversive and neutral pictures after the uncertain cue, as is standard procedure in illusory correlation paradigms. There is, however, a striking similarity between this effect and the traditionally defined "covariation bias" (Tomarken et al., 1989) in that a fear/anxiety-relevant cue with multiple outcomes of equal probability was more likely to be associated with aversive than neutral outcomes. The literature on biased expectancies and estimates of covariation is thus highly relevant to the findings of Sarinopoulos et al. (2010) , as well as to the current investigation.
anticipation of and response to aversive events (Dunsmoor, Bandettini, & Knight, 2008; Nitschke et al., 2006b; Ploghaus et al., 1999) . However, because subjects were only asked at the conclusion of the experiment to estimate the relationship between uncertain cues and aversive pictures, it is unclear whether this bias was primarily attributable to an a priori expectancy bias, biased online expectancies after the uncertain cue, or continued offline analysis or distorted memories of cue-outcome relationships. The current study was designed to resolve this issue by identifying whether uncertainty results in biased expectancies of aversion and whether such an expectancy bias would be reflected in participants' subsequent responses to aversive events.
To investigate the genesis and development of biased estimates of aversion under conditions of uncertainty, we continuously monitored participants' self-reported expectancies of aversive pictures after cues indicating certainty or uncertainty about whether an aversive picture would appear. Immediately after the picture paradigm, participants were asked to estimate the relationship between the uncertain cue and aversive pictures. On the basis of the conceptualization of uncertainty as a fear-relevant/ aversive state and on the findings reviewed above that demonstrate altered expectancies and covariation estimates related to fearrelevant cues (Davey, 1992; Tomarken et al., 1989) , we expected to see uncertainty-related biases in a priori and online expectancy ratings as well as postexperiment estimates, such that uncertain cues would be overassociated with aversive pictures. We compared skin conductance responses (SCRs) and online mood ratings in response to aversive pictures that followed uncertain versus certain cues. In line with reports suggesting that uncertainty can intensify the negative impact of aversive stimuli (Bar-Anan, Wilson, & Gilbert, 2009; Hirsh & Inzlicht, 2008; Kimmel, 1967; Nader & Balleine, 2007) , we hypothesized that participants would demonstrate stronger emotional responses to aversive pictures after uncertain cues than to aversive pictures after certain cues. Finally, by enrolling a separate group of participants who did not rate their online expectancies of aversive pictures, we assessed whether the act of reporting expectancies measurably affected processes intrinsic to the task.
Method Participants
Participants for this study were 84 individuals (40 female; mean age Ϯ SD ϭ 24.5 Ϯ 5.3 years) who responded to flyers posted on and around the University of Wisconsin-Madison campus. This sample consisted primarily of undergraduate and graduate students (54 White, 18 Asian, 4 Black, 1 Hispanic, 1 American Indian, and 6 more than one race). Participants reported no current or past history of psychiatric problems for themselves or their first-degree relatives and were not currently taking medication used to treat a psychiatric condition. Individuals were compensated $40 for their participation at the completion of the study. Of these 84 participants, 5 individuals did not demonstrate an understanding of the task instructions or complete the task as instructed and 1 withdrew early, resulting in a final sample of 78 participants (38 female; mean age Ϯ SD ϭ 24.6 Ϯ 5.1 years). Participants were randomly assigned to one of two groups (described below) at the time of enrollment: an "Expectancy Ratings" (ER) group (N ϭ 39, 18 female) and a "No Expectancy Ratings" (NER) group (N ϭ 39, 20 female). All participants were right-handed, as assessed by the Edinburgh Handedness Inventory (Oldfield, 1971) , or preferred to use their right hand to manipulate the dial used during the experiment. All participants provided informed consent in accord with study approval by the UW Health Sciences Institutional Review Board.
Experimental Design and Stimuli
Participants took part in a cued picture task similar to that used by Sarinopoulos et al. (2010) , in which one of three anticipatory cues preceded either a neutral or aversive picture from the International Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 2008) . The aversive pictures selected for this study were the most aversive (e.g., mutilated bodies, accident scenes) in the set based on published norms (Lang et al., 2008) . Photos in which the content of the slide was difficult to discern at the 1-s duration used in the experiment (as determined by the experimenters) were excluded from use. On the 0 to 9 scale used by Lang et al. (2008) , aversive pictures had a mean arousal rating of 6.05 (SD ϭ 0.80) and mean valence rating of 2.32 (SD ϭ 0.71). Neutral pictures had a mean arousal rating of 3.26 (SD ϭ 0.76) and mean valence rating of 5.45 (SD ϭ 0.81). The design and timing of the paradigm, as well as the selection of stimuli, were patterned after the fMRI experiment of Sarinopoulos et al. (2010) to facilitate comparison with the results of that study.
Each trial (see Figure 1 ) consisted of a 2-s cue that warned participants about the upcoming picture. There were three different warning cues, each of which was white on a black background: an "X" cue, which always preceded aversive pictures, an "O" cue, which always preceded neutral pictures, and a "?" cue, which could precede either aversive or neutral pictures. Participants were provided with information about the relationships between cues and pictures but were not told that the "?" cue preceded neutral and aversive pictures at exactly a 50/50 ratio. For participants in the ER group only, this cue was immediately followed by a 4-s expectancy rating scale. The prompt "Expect Aversive Picture?" appeared above a visual analogue scale from 0 to 100. On this scale, 0 was labeled "expect neutral," 50 was labeled "uncertain," and 100 was labeled "expect aversive." Participants were instructed to rate their expectancy that an aversive picture would appear by turning a dial with their right hand to move a cursor along this scale. Participants were told to move the cursor closer to one end or the other depending on how certain they were of their decision. Individuals in the NER group did not see this expectancy ratings scale and received no additional task instructions after presentation of the cue.
The expectancy rating scale (ER group) or the cue (NER group) was followed by a variable-length interstimulus interval (ISI) of 4 to 10 s and then a 1-s presentation of a neutral or aversive picture. This picture was followed by a 5-to 7-s ISI and then a 4-s mood or picture rating scale. When this scale appeared, participants used the dial to rate either their mood or the picture valence on a visual analogue scale (only 1 rating per trial). Both scales were labeled as follows: Ϫ4 ϭ "unpleasant/negative," 0 ϭ "neutral," ϩ4 ϭ "pleasant/happy." For all rating scales (expectancy, mood, and picture), the position of the cursor on the scale was recorded every 100 ms during each rating period. Before analysis of self-report data, x-coordinates for the cursor position over the last 500 ms of each rating were linearly transformed into the appropriate numerical measure (Ϫ4 to ϩ4 for picture and mood ratings; 0% to 100% for the expectancy ratings). A 1-to 5-s intertrial interval (ITI) followed the offset of the rating scale. Each ISI and ITI consisted of a black background with a centrally presented white crosshair, on which participants were instructed to fixate.
There were four experimental runs, each of which consisted of 8 certain aversive trials, 8 certain neutral trials, and 8 uncertain trials. Over the course of the experiment, participants viewed 32 aversive and 32 neutral pictures after the certain cues ("X" and "O," respectively), as well as 16 aversive and 16 neutral pictures after the uncertain cue ("?"). Pictures occurring after the certain and uncertain cues were equated on dimensions of arousal and valence using normative ratings (Lang et al., 2008) . In addition, each run included four to five trials in which one of the three cues was presented with no subsequent picture, as well as three to four pictures presented at the end of the run with no preceding warning cue (these trials are included in our current fMRI research using this paradigm and were not analyzed for the present study). Each run lasted approximately 12 min, and participants were given a short break between runs. The uncertain cues were followed by one of two pseudorandom trial orders of aversive and neutral pictures to avoid trial order effects that may have influenced participants' estimates of cue-picture relationships (de Jong & Merckelbach, 1990; Wiens, Katkin & Öhman, 2003) . Within each of these two trial orders, individual IAPS stimuli were shuffled between participants to generate three different cue-picture orders, such that pictures after the certain cue for two-thirds of the participants followed the uncertain cue for the other one-third. This was done to ensure that effects attributed to the certainty manipulation were not simply caused by interstimulus differences in valence or arousal. In all, this resulted in six different experiment versions, which were counterbalanced across participants in both the ER and NER groups.
Procedure and Apparatus
Data collection took place in the electrophysiological suite in the Waisman Laboratory for Brain Imaging and Behavior on the UW-Madison campus. After informed consent, two shielded Ag/ AgCl electrodes (4 mm) were filled with NaCl paste and attached to the distal phalanges of participants' left index and middle fingers. Skin conductance was monitored during the experiment using the BIOPAC MP150 System (BIOPAC Systems Inc., Goleta, CA) at a sampling rate of 1000 Hz, with a 10 Hz low-pass filter. Participants entered a sound-attenuated, radio-frequency shielded booth and were placed approximately 24" from a 20" LCD monitor on which stimuli were presented using E-Prime software (Psychology Software Tools, Pittsburgh, PA). Participants completed a brief practice version of the experiment, immediately followed by the four experimental runs. At the completion of the final experimental run, participants were removed from the experimental booth and immediately administered a poststudy questionnaire by the experimenter, which included the question "What percentage of the question mark cues were followed by aversive events?" Responses to this question are referred to below as "postexperiment estimates". After the administration of this questionnaire, participants completed the Intolerance of Uncertainty Scale (IUS; Buhr & Dugas, 2002) , which assesses how stressful, upsetting, negative, or incapacitating the state of uncertainty is for individuals. 
Data Analysis
Self-report data. Three bias measures were assessed in this experiment: a priori, online, and postexperiment biases. In each case, the relevant self-report measure was tested against 50%, with a score greater than 50% reflecting one of the hypothesized biases related to the uncertain cue/aversive picture pairing. Expectancy ratings for the initial "?" cue were tested against 50% using a one-sample t test in the ER group to test for an a priori expectancy bias (Davey, 1992) . For the online expectancy bias, total expectancy ratings (averaged across all runs but not including the initial trial) for the "?" cue were tested against 50% using a one-sample t test in the ER group. Expectancy ratings from runs 1 to 4 were multiplied by linear contrast coefficients (Ϫ3, Ϫ1, ϩ1, ϩ3) to test for a linear trend in expectancy ratings after the "?" cue over the four runs. For the postexperiment bias, a one-sample t test collapsed across groups assessed whether postexperiment estimates of the relationship between the uncertain cue and aversive pictures differed from 50%.
To test the hypothesis that uncertainty would be associated with heightened self-report of negative affect after aversive pictures, a paired two-sample t test compared mood ratings for aversive pictures preceded by certain ("X") versus uncertain ("?") cues. The final study question-whether the act of reporting expectancies measurably affected processes intrinsic to the task-was tested by an omnibus Group (ER, NER) ϫ Certainty (Certain, Uncertain) ϫ Picture Valence (Aversive, Neutral) repeated-measures analysis of variance (ANOVA) for the mood ratings following aversive pictures preceded by "X" or "?" and after neutral pictures preceded by "O" or "?." Analogous analyses were conducted for ratings of picture valence.
Skin conductance data. With use of custom functions (courtesy of Larry Greischar) written for MATLAB (The MathWorks, Natick, MA), each run was linearly detrended to account for the commonly observed decrease in skin conductance activity across the experiment. The four runs were concatenated, and data were mean-filtered by averaging the signal at each time point with the 150 samples around that time point to reduce the impact of brief duration signal spikes. Discrete SCRs were identified by examining the skin conductance signal, which was time-locked to the onset of each picture. A SCR was defined as a continuous positive deflection of at least 0.03 S that started between 0.5 and 4 s after picture onset, and that peaked before 8 s after picture onset. SCRs were square root-transformed to eliminate positive skewness and normalize the distribution of responses.
A measure of SCR magnitude was calculated for each condition by averaging SCRs for all events, including zeros for responses that failed to meet the SCR threshold of 0.03 S noted above. The use of the magnitude measure, which averages SCRs over all trials (as opposed to a amplitude measure, which restricts analysis to trials on which a suprathreshold response is recorded), can confound response frequency with response amplitude (Dawson, Schell, & Filion, 2007; Urry, van Reekum, Johnstone, & Davidson, 2009 ). To exclude infrequent responders from our analysis, only participants with discernible suprathreshold SCRs to at least 25% of pictures across all conditions were included in analysis of SCRs for the picture period. In addition, because of a concern that SCRs to IAPS pictures would attenuate over time (thus reducing our ability to detect effects related to valence and uncertainty), we compared the total number of SCRs to pictures in early and late runs. For the 44 participants who met the above 25% response cut-off across all four runs, the mean number of SCRs dropped from 21.6 in Runs 1 to 2 to 14.0 in Runs 3 to 4, t(43) ϭ 7.105, p Ͻ .001. Given this 35% reduction of responses, SCR analyses were conducted on data from Runs 1 to 2 only for the 52 participants with suprathreshold SCRs to at least 25% of the pictures in those runs (at least 12 responses to a total of 48 pictures). In addition to analysis of SCRs to pictures, we also analyzed SCRs during the cue period for the 41 participants with suprathreshold SCRs to at least 25% of the cues in Runs 1 to 2.
Statistical analyses for SCR data were analogous to those described above for online ratings of negative affect. To test the hypothesis that uncertainty would be associated with heightened SCRs after aversive pictures, a paired two-sample t test collapsed across groups compared SCRs with aversive pictures preceded by certain versus uncertain cues. To test whether the act of reporting expectancies would have an impact on these responses, SCR data were also submitted to a Group (ER, NER) ϫ Certainty (Certain, Uncertain) ϫ Picture Valence (Aversive, Neutral) ANOVA. Anticipatory SCR data were analyzed with a Group (ER, NER) ϫ Cue Type ("X," "?," "O") ANOVA. Although the anticipatory SCRs in the ER group may have been affected by concurrent manipulation of the dial, we expected to see greater SCRs for the "X" than "O" cue, with intermediate SCRs for the "?" cue, consistent with previous work (Dunsmoor, Bandettini, & Knight, 2007) .
Results

Expectancy Ratings and Postexperiment Estimates
Participants in the ER group demonstrated an a priori expectancy bias, in that expectancy ratings following the first "?" cue were greater than 50%, the point on the rating scale labeled "uncertain" (M ϭ 55.0%, SD ϭ 15.0%; t(38) ϭ 2.065, p ϭ .046, d ϭ .33). Online expectancy ratings for all subsequent "?"cues in the experiment were greater than 50%, reflecting an online expectancy bias (see Figure 2 ) (M ϭ 54.1%, SD ϭ 11.6%; t(38) ϭ 2.207, p ϭ .033, d ϭ .35). One-sample t tests of online expectancy versus 50% for each run separately showed a significant expec- tancy bias for Runs 1, 3, and 4 (all ts Ͼ 2.0, all ps Ͻ .05, all ds Ͼ .40, for Run 2, t(38) ϭ 1.520, p ϭ .137, d ϭ .39). There was no significant linear trend of time on expectancy ratings for the "?" cue (F(1, 38) ϭ .342, p ϭ .562, partial 2 ϭ .061). Postexperiment estimates of the relationship between "?" cues and aversive pictures were not different from the true ratio of 50% (M ϭ 48.6%, SD ϭ 12.1%; t(77) ϭ Ϫ1.410, p ϭ .307, d ϭ .12), and the ER and NER groups did not differ in these estimates, t(76) ϭ .840, p ϭ .404, d ϭ .17. There were, however, notable individual differences in these estimates, with a range of 20% to 80%, and statistically equivalent proportions of participants estimating 50% (25/78 participants), less than 50% (30/78), and greater than 50% (23/78), 2 (2, N ϭ 78) ϭ 1.00, p ϭ .6065. To examine potential factors contributing to this high variability, an exploratory analysis was conducted using simultaneous multiple linear regression to predict these postexperiment estimates. A priori expectancy ratings for the "?" cue and mean online expectancy ratings for the "?" cue were both entered as predictors because these measures have previously shown associations with postexperiment covariation estimates (Amin & Lovibond, 1998; de Jong et al., , 1998 . Total scores for the IUS were also entered because dispositional attitudes toward uncertainty could affect participants' estimates of the relationship between uncertain cues and aversive outcomes. To test whether subjective aversiveness of the IAPS slides might affect these postexperiment estimates, the final predictor was the total number of aversive pictures that were rated by each participant during the experiment as being at all unpleasant (i.e., picture rating Ͻ 0.0) 3 . All independent variables were mean-centered before being entered into the regression equation.
Online expectancy ratings and the number of pictures rated as unpleasant were significant predictors of postexperiment estimates, whereas a priori expectancy ratings and IU were not (see Tables 1 and 2 , Figure 3 ). Increased online expectancies that aversive pictures would follow the "?" cue were associated with higher postexperiment estimates of the "?" cue being followed by aversive pictures (partial r ϭ .530, p ϭ .0004) (see Figure 3A) . In addition, participants who rated more of the aversive pictures as unpleasant reported higher postexperiment estimates (partial r ϭ .347, p ϭ .0283) (see Figure 3B ).
Impact of Uncertainty on Affective Responses to Aversive Pictures
Skin conductance data. SCRs to aversive pictures preceded by "?" cues were larger than SCRs to aversive pictures preceded by "X" cues (see Figure 4 , (Dunsmoor et al., 2007) , SCRs to the "X" cue were greater than SCRs to the "?" cue, t (40) Mood rating data. Consistent with the findings for SCR data, mood ratings for aversive pictures preceded by the uncertain cue (M ϭ Ϫ1.055, SD ϭ 1.687) were more negative than mood ratings for aversive pictures preceded by the certain cue (M ϭ Ϫ0.905, SD ϭ 1.587), t(77) ϭ 2.280, p ϭ .025, d ϭ .20. A repeated-measures Group ϫ Certainty ϫ Picture Type ANOVA identified a main effect of Picture Type on participants' selfreported mood (F(1, 76) ϭ 134.601, p Ͻ .001, partial 2 ϭ .639), such that individuals reported their mood as more negative after aversive relative to neutral pictures. A marginally significant Certainty ϫ Picture Type interaction (F(1, 76) ϭ 3.649, p ϭ .060, partial 2 ϭ .046) indicated that the above effect of uncertainty on mood ratings after aversive pictures did not extend to mood ratings after neutral pictures, t(77) ϭ Ϫ0.276, p ϭ .784, partial 2 ϭ .001. The only other effect was a Group ϫ Certainty ϫ Picture Type interaction (F(1, 76) ϭ 4.800, p ϭ .032, partial 2 ϭ .059). Decomposition of this three-way interaction showed that the ER and NER groups had comparable mood ratings for aversive pic-3 The 0.0 cut-off was selected because a) the middle point of the scale was marked as "neutral," meaning that any ratings to the left of this point can reasonably be interpreted as more unpleasant than neutral, and b) a cut-off less than 0.0 resulted in a restricted range in the number of aversive pictures rated as unpleasant. 4 It should be noted that this ANOVA is not balanced with regard to the number of events in each "Certainty" cell (2/3 of trials can be classified as "certain," whereas only 1/3 are "uncertain"). Although the DV is the mean SCR across trials, this unbalanced design presumably results in a greater degree of measurement error for "uncertain" trials. This issue arises again when analogous ANOVAs are used to compare mood and picture ratings for pictures after certain versus uncertain cues. The results of all such analyses are presented with this caveat, although the upshot of this design is likely to be only a reduction in power and not a biasing of results in any systematic way. 
Discussion
This experiment was designed to investigate biased expectancies for cues indicating uncertainty about the subsequent occurrence of aversive pictures, as well as the impact of uncertainty on autonomic and self-reported responses to those pictures. Corroborating skin conductance and self-report data showed that the negative impact of aversive events was amplified when such events occurred in an uncertain context. Similarly, participants demonstrated biased a priori and online expectancies of aversive pictures after uncertain cues, providing support for the idea that uncertainty can serve as a fear-relevant cue that is likely to be overassociated with aversive events. The magnitude of this online expectancy bias uniquely predicted participants' postexperiment estimates of the relationship between uncertain cues and aversive pictures. Finally, a direct comparison of participants who did and did not provide online expectancy ratings failed to identify significant group differences in self-report or skin conductance data, providing justification for the use of such ratings in fear conditioning and illusory correlation paradigms. Mean skin conductance responses (SCRs) to aversive and neutral pictures preceded by cues indicating either certainty ("X"/"O") or uncertainty ("?") about the valence of the following picture. Error bars represent 95% confidence intervals around the mean after adjusting for between-subjects variance (Loftus & Masson, 1994) . A number of parallels exist between this study and fear conditioning research. In a typical fear conditioning paradigm, multiple pairings of a neutral stimulus (CSϩ) with an aversive outcome (UCS) result in elevated fear responses upon presentation of the CSϩ alone. Instructed fear conditioning paradigms make the CSϩ/UCS relationship explicit to participants at the outset, as was done in the current study. A consistent finding in conditioning studies is unconditioned response (UCR) diminution-that is, a reduction in the magnitude of the fear response to the UCS when the UCS occurs predictably (e.g., a UCS on 100% vs. 50% of CSϩ trials; Dunsmoor et al., 2008; Kimmel, 1967; Lykken, Macindoe, & Tellegen, 1972; Peeke & Grings, 1968) . Consistent with this literature, we observed smaller SCRs to aversive pictures occurring in the context of certainty relative to uncertainty. In addition, self-reported mood was more negative for aversive pictures preceded by the uncertain as opposed to the certain cue. These findings are in line with our recent fMRI study using a similar paradigm (Sarinopoulos et al., 2010) , in which aversive pictures preceded by certain, relative to uncertain, cues were associated with diminished activity in the insula and amygdala, two regions generally involved in responding to aversive stimuli across modalities (Craig, 2009; Davis & Whalen, 2001; Dunsmoor et al., 2008; Nitschke et al., 2006a; Nitschke et al., 2006b; Ploghaus et al., 1999; Sarinopoulos et al., 2006) . These regions are also consistently implicated in human fear conditioning studies (Critchley, Mathias, & Dolan, 2002; Sehlmeyer et al., 2009) . Of note, the above UCR diminution studies used aversive stimuli of a relatively basic nature, such as aversive shocks or sounds. Our findings for aversive pictures extend the scope of this phenomenon, suggesting that fear responses to more complex and ecologically valid stimuli can also be reduced if individuals are able to better predict their occurrence.
The SCR diminution in the current study may reflect automatic or more effortful regulation of emotional responses to aversive events that participants are certain will appear (Gross, 1998) . Alternatively, the uncertain context may elevate participants' anxiety and result in potentiated SCRs to aversive pictures, relative to such pictures that occur predictably and with certainty (Lang, Bradley, & Cuthbert, 1990) . Whether the current results reflect certainty-influenced diminution or uncertainty-related potentiation, the SCR and mood findings reported here are consistent with a number of reports suggesting that uncertainty adversely affects mood and heightens the negative impact of aversive stimuli (BarAnan, Wilson, & Gilbert, 2009; Hirsh & Inzlicht, 2008; Kimmel, 1967; Nader & Balleine, 2007; .
This view of uncertainty as an aversive state was further demonstrated by participants' biased expectancies of aversive pictures after uncertain cues. Aversive picture expectancies were significantly greater than chance at the first presentation of the uncertain cue, reflecting an a priori expectancy bias related to uncertainty. Online expectancy biases were also observed throughout the experiment despite ample opportunity for participants to correct their biased estimates through repeated cue-picture pairings. A number of previous studies have identified both a priori and online biases in expectancies of aversive stimuli after fear-relevant cues (e.g., Amin & Lovibond, 1997; Davey, 1992; Mühlberger et al., 2006) . The consistency between the current results and previous results for expectancy biases related to fearrelevant cues provides further support for the notion that a cue explicitly representing uncertainty can serve a role akin to that of fear-relevant stimuli in illusory correlation paradigms. Because aversive events that occur under conditions of uncertainty have a more negative impact than certain aversive events, individuals may learn to evaluate uncertainty more negatively, thus contributing to the overassociation of uncertainty with negative outcomes.
Despite the presence of a priori and online expectancy biases, there was no postexperiment bias in estimates of the relationship between the "?" cue and aversive pictures. These unbiased estimates are at odds with the findings of Sarinopoulos et al. (2010) , who demonstrated a significant bias for estimates of this cuepicture relationship (mean estimate ϭ 63.7%) using a very similar task and postexperiment questionnaire. One potential explanation for the accurate estimates observed in the current study is that the aversive pictures were not perceived as being particularly unpleasant by the current cohort of individuals, as reported by many of the participants during postexperiment interviews. Indeed, participants' average valence ratings of aversive pictures in the previous study were a full point more unpleasant than in the current study. The covariation bias has been proposed to reflect an "affective match" between fear-relevant cues and subsequent aversive outcomes (Tomarken, Sutton, & Mineka, 1995; see also Lang et al., 1990) , and the absence of strong affective responses to aversive pictures in the current study may have resulted in accurate postexperiment estimates. Of note, the observation of biased online estimates suggests that expectancy ratings are more sensitive to aversive stimuli that are perceived as less unpleasant than are retrospective contingency estimates.
Consistent with this "affective match" hypothesis (Tomarken et al., 1995) , the number of aversive pictures rated by each participant as unpleasant uniquely predicted postexperiment estimates, suggesting that the use of a more aversive stimulus might generate stronger affective responses and biased postexperiment estimates in more participants. Postexperiment estimates were also uniquely predicted by participants' online expectancies after uncertain cues, consistent with previous illusory correlation paradigms that have compared online and postexperiment ratings (Amin & Lovibond, 1997; de Jong & Merckelbach, 1990; de Jong et al., , 1998 . These findings that online expectancies and perceived unpleasantness of the aversive pictures were able to explain the large variability in postexperiment bias highlight the importance of considering individual differences when designing experiments and conducting analyses. Given the broad range of emotional re- sponses to aversive events within even nonclinical samples, robust and potentially important effects may emerge only through analyses that highlight individual differences rather than considering variability across participants as noise to be eliminated. In this first study to directly test the potential impact of online expectancy ratings on subsequent physiological or self-reported responses (cf. Arkes & Harkness, 1983 , Experiment 7), there was a striking lack of differences between groups that did and did not report online expectancy ratings after cue presentations. No group differences were observed for SCRs to pictures or cues, mood or picture ratings after aversive pictures, or postexperiment estimates of the percentage of uncertain cues followed by aversive pictures. Online expectancy ratings are widely used as a measure of participants' awareness of contingencies in studies investigating conditioned learning (Dunsmoor et al., 2007 (Dunsmoor et al., , 2008 Knight, Cheng, Smith, Stein, & Helmstetter, 2004; Lovibond & Shanks, 2002) and illusory correlations (de Jong & Merckelbach, 1990; de Jong et al., , 1998 de Jong & Peters, 2007; Garner, Mogg, & Bradley, 2006; Hermann et al., 2004; Pauli, Montoya, & Martz, 1996) . Recent research suggests that subjective contingency awareness, as reflected in online expectancy ratings, is dissociable from fear responding as assayed by measures such as fear-potentiated startle (Kindt, Soeter, & Vervliet, 2009; Soeter & Kindt, 2010) . Those recent findings highlight the importance of collecting a measure of subjective contingency awareness in addition to physiological measures of fear responding, and our findings here suggest that such measures may be collected without affecting other measures of interest.
Expectancy ratings may provide insight into internal processes without noticeably affecting participants' task performance, behavior, or peripheral physiology. When individuals are faced with uncertainty, a common and seemingly automatic coping strategy is to rate the relative frequencies of subsequent events (Volz, Schubotz, & von Cramon, 2003) . If participants are already estimating the likelihood of an aversive picture when presented with the uncertain cue, asking them to report this estimate would not be expected to have an effect on the task at hand (see Ericsson & Simon, 1980) . Our findings provide justification for the continued use of online self-reports of participants' thoughts or feelings, so long as such reports reflect information that is easily accessible and task-relevant. Such self-report data could be especially beneficial, for example, in helping to curb "reverse inference" problems that plague many neuroimaging studies-that is, inferring a specific psychological state from a pattern of neural activation alone, based on previous research reporting associations between that state and similar activation (Carter & Pine, 2006; van Horn & Poldrack, 2009) . A final note is that the lack of group differences here, and null findings in general, must always be interpreted with caution because the lack of significant group differences in a given sample may simply reflect a lack of statistical power to identify true differences in the population.
A richer understanding of the relationship between uncertainty and expectancies of negative outcomes may provide novel insight into the pathology of anxiety disorders. A key feature shared across the anxiety disorders is a tendency to show excessive and maladaptive anticipation of negative future events (Barlow, 2002; Nitschke & Heller, 2005; Nitschke et al., 2009 ). This anticipation is especially heightened when future events are uncertain or unpredictable, leading to models that stress intolerance of uncertainty as a contributing factor to anxiety (Boelen & Reijntjes, 2009; Dugas et al., 1998; Holaway, Heimberg, & Coles, 2006) . Illusory correlation paradigms in general have a degree of uncertainty intrinsically involved because the relationships between various cues and aversive/safe outcomes are not conveyed to participants. The current research, however, explicitly probes individuals' expectancies and associations related to uncertainty and juxtaposes anticipation under certain and uncertain conditions to quantify the direct consequences of uncertainty on responses to negative outcomes.
Extensions of this work in anxiety disorders could identify whether patients demonstrate heightened expectancy biases related to uncertainty, or whether biased postexperiment estimates are seen in these individuals. It would be especially informative to explore the consequences of biased estimates of aversion related to uncertainty by relating such biases to symptomology or treatment outcome. Previous research has shown that expectancy biases for combat-related pictures were predictive of posttraumatic stress disorder symptoms after combat exposure (Engelhard et al., 2009) , and heightened covariation bias in phobic women after treatment was associated with an increased likelihood of relapse . Work probing biases related to the state of uncertainty could similarly identify individuals at risk of developing an anxiety disorder or suffering relapse, and interventions could target negative attitudes toward uncertainty or promote strategies leading to accurate assessment of contingencies. By investigating biases related to uncertainty and identifying how they change over time, researchers can lay the groundwork for improved treatment that is "directed toward the appropriate cognitive target: preexisting beliefs concerning aversive outcomes, versus the tendency to process events online in such a way as to exaggerate threat" (Amin & Lovibond, 1997, p. 287) .
A primary limitation of this study is that although this sample was relatively diverse with regard to race, participants were primarily young university students. This raises questions of whether findings can be generalized to other groups, especially given age-related differences in responding to ambiguous emotional information (van Reekum et al., 2010 ). An important future direction for this area of research is to include multiple uncertain cues with varying associated probabilities of negative outcomes (Bach et al., 2009; Volz et al., 2003) . This manipulation of probability would also allow for a comparison of responses to negative events occurring under conditions of ambiguity versus high or low risk, thus providing greater insight into what aspects of uncertainty result in enhanced aversive responses.
In summary, this study adds to an extensive body of evidence showing that uncertainty amplifies the negative impact of aversive events, as assessed by both physiological and self-report measures. Our use of online expectancy ratings after certain and uncertain cues showed that individuals have a tendency to overassociate uncertainty with aversive outcomes. This bias was already present at the start of the study, continued throughout the experiment, and contributed to individual differences in biased postexperiment estimates of the relationship between uncertain cues and aversive pictures. Enhanced responses to uncertain (relative to certain) aversive events may lead individuals to associate the state of uncertainty itself with aversion and could thus contribute to the generation of uncertainty-related expectancy biases. Given the evidence linking uncertainty to anxiety disorders and the central role of anticipatory dysfunction in these individuals, investigations of expectancy biases related to uncertainty may provide novel insight into the cognitive mechanisms underlying anxiety pathology.
